Many drugs are mainly metabolized by the cytochrome P-450 3A (CYP3A) subfamily, which is the most abundant group of CYP enzymes in the liver, consisting of at least 3 isoforms: CYP3A4, CYP3A5 and CYP3A7. CYP3A4 is the most abundantly expressed CYP and accounts for approximately 40% of all CYP in the adult human liver, and is the major phase I xenobiotic metabolizing enzyme for several drugs.
Many drugs are mainly metabolized by the cytochrome P-450 3A (CYP3A) subfamily, which is the most abundant group of CYP enzymes in the liver, consisting of at least 3 isoforms: CYP3A4, CYP3A5 and CYP3A7. CYP3A4 is the most abundantly expressed CYP and accounts for approximately 40% of all CYP in the adult human liver, and is the major phase I xenobiotic metabolizing enzyme for several drugs. 2, 3) CYP3A5, 83% homologous with CYP3A4, is expressed at a much lower level than CYP3A4 in the liver, but is the main CYP3A isoform in the kidney. 4) CYP3A7 is the major CYP isoform detected in human embryonic, fetal and newborn liver, although its levels are much lower than those of CYP3A4 in the adult liver. 5) The induction of CYP3As promotes the metabolism of other drugs, often with adverse consequences. Previous studies have indicated that these enzymes are induced by several drugs in vivo and in vitro. Sumida et al. have reported that the combination of HepG2 cells and reverse transcription polymerase chain reaction (RT-PCR) allows evaluation of the degree of CYP3A mRNA induction both easily and rapidly, and also that many drugs increase CYP3A mRNA expression by 2-to 5-fold in comparison with untreated controls. 6) CYP3A4 has been shown to be induced strongly by rifampicin, phenobarbital, phenytoin, dexamethasone, prednisolone and taxol. 7, 8) In particular, prednisolone strongly induces CYP3A4 and this affects the pharmacokinetics of other drugs administered simultaneously. CYP3A5 is induced by dexamethasone and phenobarbital. 9, 10) CYP3A7 has been shown to be induced by environmental pollutants.
11)
The pharmacokinetics of these drugs alone and/or co-administered with other drugs may change over long-term administration, and many problems have been reported. 12, 13) Therefore, it is very important to predict the induction mechanisms of these drugs.
Members of the orphan nuclear receptor superfamily (constitutive androstane receptor (CAR), pregnane X receptor (PXR), and peroxisome proliferator-activated receptors) mediate the induction of hepatic P450s belonging to the CYP2, CYP3 and CYP4 families in response to the prototypical inducers phenobarbital, prednisolone 16 a-carbonitrile, rifampicin, and clofibric acid. 14) Dexamethasone, lovastatin and rifampicin enhance PXR activator-mediated CYP3A4 gene expression in cultured human hepatocytes. 15, 16) ElSankary et al. have reported that regulation of the CYP3A4 gene is receptor-dependent and that hydrocortisone may function as a regulator of basal expression via human PXR and the human glucocorticoid receptor (hGR). 17) Furthermore, a member of the human CYP3A gene subfamily contains an enhancer that binds hGR and this binding is critical for transcriptional activation by dexamethasone. 9, 15) Alternative splicing of hGR pre-mRNA generates two highly homologous isoforms, hGRa and hGRb, [18] [19] [20] hGRa is a ligandactivated transcription factor that modulates the expression of glucocorticoid-responsive genes by binding to specific glucocorticoid response element DNA sequences. In contrast, hGRb does not bind glucocorticoids and is transcriptionally inactive. In this study, we studied the effects of prednisolone, phenobarbital, rifampicin, carbamazepine, phenytoin, ciclosporin and clotrimazole on induction of CYP3A4, CYP3A5, CYP3A7, hGRa and hGRb mRNA expression in Hep G2 cells. The pattern of induction by these drugs was analyzed by means of the tree clustering method.
Furthermore, we examined the synergistic effects of dual drug treatment on induction of CYP3A4 mRNA, i.e. the effect of ciclosporin on prednisolone-induced CYP3A4 mRNA levels. Prednisolone and ciclosporin are administered simultaneously to prevent rejection after tissue transplantation. Ciclosporin and its derivatives are used for P-glycoprotein-mediated exclusion of anticancer drugs from tumors with multidrug resistance (MDR). 21) Thus, prednisolone and/or other anticancer drugs are used with ciclosporin in the treatment of chronic lymphocytic leukemia, acute myeloid leukemia and acute lymphoblastic leukemia with MDR. 22) The association between the expression of hGRa mRNA and the induction of CYP3A4 mRNA by prednisolone and/or ciclosporin was also studied. The primers  for CYP3A4, CYP3A5, CYP3A7, glyceraldehyde 3 phosphate dehydrogenase (GAP) , hGRa, and hGRb mRNAs were purchased from Sawady Technology Co., Ltd. (Tokyo, Japan) (Table 1) . 6, [23] [24] [25] Phenobarbital, rifampicin, phenytoin, prednisolone, clotrimazole, carbamazepine and verapamil were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Ciclosporin was a gift from Novartis Pharma K. K. (Tokyo, Japan). All other chemicals were of reagent grade.
MATERIALS AND METHODS

Materials
Quantification of the Levels of CYP3A4, CYP3A5, CYP3A7, hGR and GAP mRNA Aliquots of 6ϫ10 6 Hep G2 cells were seeded in 100 mm tissue culture dishes containing 10% fetal bovine serum and 100 U/ml penicillin and 100 mg/ml streptomycin (penicillin-streptomycin mixture) at 37°C in a humidified atmosphere of 5% CO 2 for 48 h. The test drugs were dissolved in dimethyl sulfoxide (DMSO). The incubation medium was replaced with each test medium containing the final concentration as a clinical plasma concentration of phenobarbital (86.11 mmol/l), rifampicin (12.15 mmol/l), carbamazepine (25.39 mmol/l), phenytoin (59.46 mmol/l), clotrimazole (100.0 nmol/l), prednisolone (1.83 and 9.15 mmol/l), ciclosporin (250.0 nmol/l), verapamil (100.0 mmol/l) and no drug in 10 ml DMSO on day 0.
6) The test medium was replaced with new test medium every day from day 1 to day 4. All experiments involving control and drug treatments were performed separately at least 3 times. Samples of mRNA were extracted from each culture on days 1 to 5 using a total RNA extraction kit (Rneasy Mini Kit, Qiagen, Hilden, Germany). RT-PCR was performed for CYP3A4, CYP3A5, CYP3A7, hGRa, hGRb and GAP mRNAs under the conditions listed in Table 1 . The levels of these mRNAs were quantified by the band density on agarose gels using NIH Image (National Institutes of Health, NJ, U.S.A.), and the ratio of the expression levels of CYP3A and hGR mRNAs was normalized relative to that of GAP mRNA. The RT-PCR kinetic curves of these ratios of mRNAs did not reach a plateau. This indicated that the ratios of the levels of CYP3A mRNA/GAP mRNA and hGR mRNA/GAP mRNA in this study could be determined quantitatively at least up to a ratio of 3. Therefore, we could estimate the levels of CYP3A and hGR mRNA expression quantitatively. Each experiment was performed in 1 to 3 culture dishes, and meansϮS.D. were calculated using data (total nϭ3 to 9 dishes) from at least 3 separate experiments. Data Analysis Statistical analysis was performed by analysis of variance (ANOVA). A level of pϽ0.05 was considered statistically significant. The data were analyzed by the tree clustering method with the Ward's method for linkage rules and the Euclidean distance for distance estimation using Statistica TM (StatSoft Japan Inc., Tokyo, Japan). Figure 1 and Table 2 show the level of induction of CYP3A4, CYP3A5 and CYP3A7 mRNA expression by several drugs. Treatments with prednisolone, phenytoin, carbamazepine and rifampicin induced the level of CYP3A4 mRNA expression by 4-to 6-fold, in comparison with control conditions (DMSO treatment alone) (Fig. 1A) . The level of CYP3A4 mRNA expression by phenobarbital was more than 3-fold that under control conditions. The level of CYP3A4 mRNA expression in culture treated with prednisolone was more than 2.5-fold that in controls on the first day, although phenytoin and phenobarbital gradually induced CYP3A4 mRNA expression. The levels of CYP3A4 mRNA expression induced by prednisolone and rifampicin treatment reached almost steady-state conditions after the second day. The induced level of CYP3A4 mRNA expression by clotrimazole and ciclosporin was negligible. Phenytoin treatment induced an increase of approximately 2-fold in CYP3A5 mRNA expression after the fourth day. The expression of CYP3A5 mRNA was induced significantly by rifampicin, carbamazepine and ciclosporin treatments, although other drugs had no such effect (Fig. 1B) . The CYP3A7 mRNA expression was weakly induced by treatment with all the test drugs, and rifampicin, phenytoin, clotrimazole and ciclosporin also increased the expression by approximately 2-fold (Fig. 1C) . The rate of induction by rifampicin was more rapid than that by phenytoin.
RESULTS
Induction of CYP3A4, CYP3A5 and CYP3A7 mRNA by Several Drugs
These observations showed that both prednisolone and phenobarbital markedly induced CYP3A4 mRNA and weakly induced CYP3A7 mRNA, but the former showed a greater and more rapid induction of CYP3A4 mRNA expression than the latter. Rifampicin, carbamazepine and phenytoin induced the expression of all CYP3A mRNAs examined. The levels of CYP3A5 and CYP3A7 mRNA expression were induced by treatment with ciclosporin. However, clotrimazole 512 Vol. 26, No. 4 x-Fold (meanϮS.D.) represents the maximal expression level divided by the expression level in the DMSO-treated control on the same day. Day x represents the day on which the maximal expression level was observed. *; pϽ0.05, **; pϽ0.01 and ***; pϽ0.001: significant differences in comparison with the expression levels in the DMSO-treated control on the same day.
induced only the expression of CYP3A7 mRNA. This finding indicated that induction of CYP3A4, CYP3A5 and CYP3A7 mRNA by these drugs may be mediated by a different mechanism(s).
Induction of hGRa a mRNA by Several Drugs Figure 2 shows the level of induction of the expression of hGRa mRNA by several drugs. Cultures treated with DMSO alone (control conditions) showed a gradual increase in the expression of hGRa mRNA by approximately 2-fold after the fifth day. The levels of hGRa mRNA expression in cultures treated with rifampicin and ciclosporin were increased in comparison with controls, although other drugs produced no induction of hGRa mRNA. On the other hand, the level of hGRa mRNA expression was decreased by treatment with phenytoin in comparison with controls. None of the examined drugs induced expression of hGRb mRNA (data not shown).
Cluster Analysis of Induction of CYP3As and hGRa a mRNA by Several Drugs The levels of CYP3A4, CYP3A5, CYP3A7 and hGRa mRNA induced by several drugs were analyzed by the tree clustering method (Fig. 3) . The linkage distance in the horizontal hierarchical tree plot (dendrogram) between clusters of carbamazepine and that of rifampicin was shorter than that of phenobarbital and phenytoin, and thus, clusters of carbamazepine-rifampicin and that of phenobarbital-phenytoin were linked after about 35% of the linkage distance/maximal distance. Furthermore, the induction patterns of these drugs were classified into four major clusters at about 30% of the linkage distance/maximal distance: a cluster of phenobarbital-phenytoin, that of ciclosporin-clotrimazole, that of prednisolone alone and that of carbamazepine-rifampicin. In addition, the relationship between the cluster of phenobarbital-phenytoin and that of carbamazepine-rifampicin was closer than that of prednisolone, and the cluster of ciclosporin-clotrimazole had the longest linkage distance compared with the other clusters.
Synergistic Effect of Dual Treatment with Prednisolone and Ciclosporin on Induction of CYP3A4 mRNA We studied the effects of ciclosporin on the induction of CYP3A4 and hGRa mRNA by prednisolone. The prednisolone-induced expression of CYP3A4 mRNA increased rapidly, with the increase on the first day being more than 3-fold, and reached a steady-state after the second day of approximately 6-fold in comparison with controls (Fig. 1A) . In contrast, the induced level of CYP3A4 mRNA expression by ciclosporin was negligible. Figure 2 shows the induction of hGRa mRNA expression by prednisolone and ciclosporin. Treatment with ciclosporin significantly induced the expression of hGRa mRNA in comparison with controls from the third to the fifth day, although prednisolone affected hGRa mRNA level only on the fifth day. Figure 4 shows the effects of ciclosporin on prednisoloneinduced CYP3A4 mRNA expression. Dual treatment with prednisolone and ciclosporin had synergistic effects on the induction of CYP3A4 mRNA. The levels of CYP3A4 mRNA expression in cultures treated with both prednisolone and ciclosporin together from the first to the third day were the same as those in cultures treated with prednisolone alone. However, the expression level following dual treatment on the fourth day was significantly increased in comparison with that following treatment with prednisolone alone. Furthermore, the level of CYP3A4 mRNA expression in cultures treated with both prednisolone and ciclosporin on the fifth day was 2-fold that induced by prednisolone alone (Fig. 4A ). Treatment with ciclosporin followed by prednisolone from the second day resulted in a significant increase in the level of CYP3A4 mRNA expression on the fifth day only (Fig.  4B) . In contrast, treatment with prednisolone followed by ciclosporin from the second day resulted in a marked and rapid increase in the level of CYP3A4 mRNA in comparison with ciclosporin treatment only on the first to third day, and levels of CYP3A4 mRNA expression on the third and fifth days were significantly higher than those after prednisolone treatment only on the first to third day (Fig. 4C) . Furthermore, cessation of ciclosporin treatment affected the synergistic effect of dual treatment with prednisolone and ciclosporin on the expression of CYP3A4 mRNA, and only that on the fifth day was slightly increased (Fig. 4D) . These findings indicate that ciclosporin affects the expression of CYP3A4 mRNA by prednisolone, and this effect of ciclosporin requires approximately 3 d.
A synergistic effect of dual treatment with prednisolone and ciclosporin on the expression of hGRa mRNA was observed by the fourth day compared with prednisolone-only treatment (Fig. 5A ). When treatment with ciclosporin was followed by prednisolone treatment from the second day, synergistic effects were observed on the fourth day compared with prednisolone-only treatment (Fig. 5B ). Treatment with prednisolone followed by ciclosporin from the second day produced synergistic effects on the expression of hGRa mRNA on the third day only compared with prednisoloneonly treatment on the third day (Fig. 5C) . Cessation of ciclosporin treatment affected the synergistic effect of the dual treatment from the third to fifth day, and levels of hGRa mRNA expression on the third to fourth day were the same as those of prednisolone-only treatment (Fig. 5D ). These observations indicate that ciclosporin affects the expression of hGRa mRNA induced by prednisolone, but that this effect is a weak one.
As shown in Fig. 6 , the induction of CYP3A4 mRNA expression by prednisolone is dose-dependent. The co-administration of verapamil, which is a modulator of p-glycoprotein, did not affect the prednisolone-induced CYP3A4 mRNA expression. This observation indicates that the increase in prednisolone-induced CYP3A4 mRNA expression by ciclosporin is not due to inhibition of P-glycoprotein.
Correlation between the Levels of CYP3A4 and hGRa a mRNA Expression We examined whether the ciclosporininduced hGRa mRNA expression affected the induction of CYP3A4 mRNA by prednisolone. Figure 7 shows the relationship between levels of CYP3A4 mRNA and hGRa mRNA expression. The data show levels of CYP3A4 mRNA and hGRa mRNA expression in cultures treated with prednisolone alone on the second day (Fig. 1), fifth day (Figs. 4B , 5B), and third to fifth day (Figs. 4C, 5C ), because the effect of ciclosporin on the expression of CYP3A4 mRNA induced by prednisolone required approximately 3 d. CYP3A4 mRNA levels correlated significantly with hGRa mRNA levels (pϽ0.001). A positive correlation was observed between the levels of CYP3A4 mRNA and hGRa mRNA expression in cultures treated with both prednisolone and ciclosporin, suggesting that hGRa is partially involved in the regulation of CYP3A4 gene expression by prednisolone.
DISCUSSION
The levels of CYP3A4 mRNA expression were induced more 3 to 6-fold by treatment with prednisolone, rifampicin, carbamazepine, phenytoin and phenobarbital in comparison with controls. Prednisolone, rifampicin and carbamazepine increased the expression of CYP3A4 mRNA rapidly, although the effect of phenytoin and phenobarbital was slow. Therefore, when prednisolone, rifampicin and/or carbamazepine were administered, the early detection of blood concentrations of drugs that are rapidly metabolized by CYP3A4 may be necessary. [26] [27] [28] For example, blood concentrations of indinavir, saquinavir and nerfinavir were decreased by 80 to 90% when taken together with these drugs. Phenytoin induced CYP3A5 mRNA expression. Anti-epileptics are administered to prevent convulsions and/or seizures in patients with brain tumors. When anti-tumor drugs that are rapidly metabolized by CYP3A5, such as docetaxel, paclitaxel, vincristine and vindesine, are administered to patients treated with phenytoin, the anti-tumor effects of these drugs may be markedly decreased. 27, 29) All drugs investigated in the present study, weakly induced CYP3A7 mRNA expression. CYP3A7 is the major CYP isoform detected in the human embryonic, fetal and newborn liver, although its levels are much lower than those of CYP3A4 in the adult liver.
5) Nuclear receptors CAR and PXR play key roles in regulating CYP3A7 expression from early gestation until the perinatal period, when there is a switch in expression to CYP3A4. 30) Ogg et al. have reported that induction of CYP3A7 is only observed following co-transfection of plasmids containing components of the 5Ј-flanking region of CYP3A7 and encoding the hGR into the hepatoma cell line HuH-7.
31) Thus, CYP3A7 is induced by overexpression of hGR. Therefore, the induction of CYP3A7 mRNA following treatment with rifampicin and ciclosporin may have been activated by increased levels of hGRa mRNA expression by these drugs.
The induction patterns of CYP3As and hGRa mRNA by these drugs were analyzed by the tree clustering method. This statistical method interprets a large volume of information and organizes observed data into meaningful structures, that is, to develop taxonomies. This technique has successfully been applied to unravel latent similarities among gene expression profiles and microarray data. [32] [33] [34] The linkage distance between the carbamazepine and rifampicin clusters was shorter than that of the other drugs. This result suggests that carbamazepine and rifampicin may possess the same or a closely related induction mechanism(s). The cluster of carbamazepine-rifampicin and that of phenobarbital-phenytoin are linked. Furthermore, the induction patterns of CYP3As and hGRa mRNA by these drugs were classified into four major clusters: i.e. the cluster of phenobarbital-phenytoin, that of ciclosporin-clotrimazole, that of prednisolone alone and that of carbamazepine-rifampicin. The relationship between the cluster of phenobarbital-phenytoin and that of carbamazepine-rifampicin was closer than that of prednisolone, and the cluster of ciclosporin-clotrimazole had the longest linkage distance to other clusters. Indeed, two nuclear receptors, PXR and CAR, have recently been proposed to mediate CYP3As gene induction in response to xenobiotics, as the transactivated DNA nuclear response elements located in the promoter region of this gene. 14, 35, 36) PXR and CAR are activated by rifampicin and phenobarbital, respectively. 37, 38) This result suggests that drugs in closely grouped clusters may possess similar induction mechanisms compared with drugs in other clusters with greater linkage distances. Therefore, reciprocal and complex interactions may occur when drugs belonging to different clusters are co-administered.
The level of hGRa mRNA expression was reduced by treatment with phenytoin in comparison with controls, although phenytoin did not induce the expression of hGRb mRNA. When both hGRa and hGRb isoforms are expressed in the same cell, hGRb potentially functions as a dominant negative inhibitor of hGRa activity. [39] [40] [41] Therefore, we speculated that degradation of hGRb may be prevented by phenytoin. However, the nuclear basis for these variations in hGRa mRNA expression is poorly understood.
We examined the relationship between ciclosporin-induced hGRa mRNA expression and prednisolone-induced CYP3A4 mRNA expression. Prednisolone and ciclosporin are administered simultaneously to prevent rejection after tissue transplantation. Also, prednisolone and/or other anticancer drugs are used with ciclosporin in the treatment of some kinds of leukemia associated with MDR1. 21, 22) We demonstrated an association between the induction of expression of hGRa mRNA by ciclosporin and that of CYP3A4 mRNA by prednisolone. Treatment with prednisolone strongly and rapidly induced the level of CYP3A4 mRNA in a dose-dependent manner, although the effect of ciclosporin was negligible. On the other hand, treatment with ciclosporin significantly induced the expression of hGRa mRNA, while prednisolone did not. Many members of the orphan nuclear receptor superfamily mediate the expression of CYP3As. 14) hGR is a good candidate for a CYP3A-induced mediator. 17) Furthermore, a member of the human CYP3A gene subfamily contains an enhancer that binds hGR, and this binding is critical for transcriptional activation. 9, 15) No synergistic effects of dual treatment with prednisolone and ciclosporin on the induction of CYP3A4 mRNA were observed from the first to the third day. However, the expression level increased significantly on the fourth and fifth days in comparison with cultures treated with prednisolone alone. Treatment with ciclosporin followed by prednisolone from the second day resulted in a significant increase in the level of CYP3A4 mRNA expression on the fifth day only. In contrast, treatment with prednisolone followed by ciclosporin from the second day resulted in a marked and rapid increase (Fig. 1) , on the fifth day (Figs.  4B , 5B), and on the third to fifth day (Figs. 4C, 5C ).
in the level of CYP3A4 mRNA expression in comparison with ciclosporin treatment only on the first to third day, and expression levels on the third and fifth days were significantly higher than those observed with prednisolone treatment only from the first to third day. However, the level of CYP3A4 mRNA expression on the fourth day was significantly lower than those observed with prednisolone-only treatment. We speculated that the reduction of CYP3A4 mRNA expression may occur as a result of the major consumption of hGRa following the addition of prednisolone.
The levels of CYP3A4 mRNA expression and hGRa mRNA, increased by dual treatment with prednisolone and ciclosporin, decreased after stopping ciclosporin treatment. A significant increase in the expression of hGRa mRNA induced by ciclosporin was observed with a lag-time of approximately 2 d. Therefore, ciclosporin affected the expression of CYP3A4 mRNA induced by prednisolone, and this effect required approximately 3 d. Moreover, hGRa mRNA expressed in the absence of hormone and xenobiotics is located in the cell cytoplasm as part of a large multiprotein complex. This complex has been identified as being either a chaperone (hsp70, hsp90), co-chaperone (hsp40, p60/hop), immunophilin (FKBP59, Cyp40) or another compound (p23). 42, 43) Ciclosporin, an immunophilin binding exclusively to cyp40, was able to potentiate the dexamethasone effect approximately 3-to 4-fold. 44, 45) This complex dissociated in response to hormonal and xenobiotic stimuli and translocates to the nucleus. Hence, our results suggest that potentiation of prednisolone action by ciclosporin may proceed through enhanced hGRa nuclear translocation.
A positive correlation (pϽ0.001) was observed between the levels of CYP3A4 mRNA and hGRa mRNA expression. These observations indicate that the ciclosporin-induced hGRa mRNA expression affects the expression of CYP3A4 mRNA induced by prednisolone. Ogg et al. have shown that hGR is involved in the induction of CYP3A4 gene expression by some CYP3A4 inducers using cells transfected with a plasmid encoding hGR, and RU-486, an antagonist of the glucocorticoid receptor, completely blocks the expression of the reporter gene for CYP3A4. 31) Furthermore, a study of cells transfected with expression plasmids encoding hGR and/or hPXR alone or in combination suggested that hydrocortisone functions as a regulator of basal expression via hGR and hPXR. 16) In contrast, a functional PXR element is present in the CYP3A7 gene promoter, and PXR may regulate the expression of CYP3A7 mRNA. 46) Ciclosporin has been shown to be a substrate of CYP3A4 and a modulator of P-glycoprotein. 47) Ciclosporin and its derivatives are used for P-glycoprotein-mediated exclusion of anticancer drugs from tumors with MDR1. 21) It is possible that the concentration of prednisolone in HepG2 cells is increased by the effect of ciclosporin on P-glycoprotein. However, verapamil, which is a strong modulator of P-glycoprotein, had no effect on prednisolone-induced CYP3A4 mRNA expression in this study. Methylprednisolone and dexamethasone transport have been reported to be affected by both verapamil and ciclosporin. 48, 49) However, a 6 a-methyl group in the steroid structure seems to be a prerequisite for substrates of intestinal P-glycoprotein. 50) Ciclosporin regulates expression of many cytokines to affect many immunocompetent cells in vivo. In this in vitro study, ciclosporin may not have been affected by cytokines because the hepatoma cell line HepG2 was used. Pascussi et al. have demonstrated the down-regulation of P450s CYP by cytokines. 51) Interleukin-6 (IL-6) rapidly and markedly decreases the expression of PXR and constitutively activated receptor mRNAs, but does not affect the levels of dioxin receptor or glucocorticoid receptor mRNA. IL-6 decreases both rifampicin-and phenobarbitalmediated induction of CYP2B6, CYP2C8, CYP2C9, and CYP3A4. These observations indicate that the synergistic effects of ciclosporin on the prednisolone-induced expression of CYP3A4 mRNA are not due to the inhibition of P-glycoprotein or cytokines. The present results indicate that the regulation of CYP3A4 gene expression may be hGRa-dependent and that ciclosporin may function as a regulator of the expression via hGRa. The present results indicating that hGRa regulates CYP3A4 gene expression provides a basis for the efficient identification and elimination of candidate drugs that may interact with other treatments.
